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Complex-derived iron-cobalt alloy catalysts have been studied under conditions similar to those normally prevailing 
in industry. Despite reports in the literature indicating unusual selectivities with iron-cobalt alloy catalysts under 
atmospheric pressure conditions, no deviations from normal selectivity behaviour have been observed when studied 
under steady-state conditions and pressures of 2.0 MPa. However, when promoted with manganous oxide or supported 
on silica-alumina, substantial deviations from Anderson-Schulz-Flory statistics occur during the first few days on stream. 
These deviations gradually disappear with increasing time on stream leading to normal selectivity behaviour. 
The unsupported catalysts displayed remarkably high activity and selectivity maintenance, in contrast to supported 
catalysts, which show substantial oscillations in the catalytic behaviour. 
On a ttudit des catalyseurs base d’alliage de dtrivt complexe de fer et de cobalt dans des conditions analogues 
B celles qui sont normalement rencontrtes dans l’industrie. Contrairement a des donntes publites dans la litttrature, 
qui indiquent des stlectivitts inhabituelles avec des catalyseurs fer-cobalt dans des conditions de pression atmospht- 
rique, on n’a observt aucun tcart par rapport au comportement normal de stlectivitt dans des conditions a I’ttat perma- 
nent et des pressions de 2,O MPa. Cependant, lorsque les catalyseurs sont activts a I’aide d’oxyde manganeux ou 
supportts sur de la silice-alumine, des Ccarts importants sont not& par rapport aux statistiques de Anderson-Schulz- 
Flory lors des premiers jours de I’tcoulement. Des tcarts disparaissent progressivement en augmentant le temps sur 
I’tcoulement, ce qui conduit 2 un comportement normal de la stlectivitt. 
Les catalyseurs non-supportts montrent une activitt remarquablement tlevte et un maintien de la stlectivitt, con- 
trairement aux catalyseurs supportts qui montrent des oscillations importantes dans le comportement catalytique. 
Keywords: catalytic hydrogenation, hydrogenation of CO, iron-cobalt catalysis. 
major disadvantage of the Fischer-Tropsch synthesis A is the broad product spectrum usually obtained. The 
hydrocarbon products follow an Anderson-Schulz-Flory 
( A S 0  distribution (Lee, 1984) and normally range from 
methane to heavy wax. Commercial viability can be 
improved by making the process more selective. There are 
indications that selective production of small olefins could 
be a commercial proposition (Snel, 1986a). Several reports 
in the literature (Nakamura et al., 1981; Roper et al., 1984; 
Audier et al., 1984) indicated that the use of FeCo alloy 
catalysts leads to increased selectivity for small olefins. It 
is however unclear if the products follow ASF statistics or 
not. Nakamura et al. (1981) studied several alloy composi- 
tions and reported that catalysts having the equiatomic bulk 
composition FeCo were found to produce a maximum in 
C,- and C3- hydrocarbon selectivity. 
Much of the available data was obtained at total pressures 
of 100 kPa and at low conversion levels. Studies conducted 
under more realistic conditions (Butt et al., 1982; Arcuri et 
al., 1984) indicate an enhanced selectivity for the formation 
of small olefins (an increase in both the mass and function 
selectivity in the product of the alloy relative to that of the 
pure components) at atmospheric pressure, which is not 
maintained at higher pressures (1.4 MPa). A comparison of 
the product distributions obtained at low and high pressure 
indicates that at higher pressures the yield distributions are 
similar to those obtained with iron, but the overall activity 
is comparable to that normally observed with cobalt catalysts. 
The value of the ASF chain growth probability increases for 
both pure component catalysts but decreases for the alloy 
system when the pressure is increased. 
In contrast, other reports show that the alloy is fairly selec- 
tive for light olefins (high values for both the mass and func- 
tion selectivity) and is quite stable under realistic process 
conditions, showing no deactivation over a period of 8 days 
(Butt et al., 1984). It is not clear why sometimes selectivity 
loss occurs at elevated pressures, and why selectivity main- 
tenance is observed in other experiments under similar con- 
ditions. It could be argued that the preparation method 
employed in all three cases, co-impregnation on silica sup- 
ports, could lead to partial alloy formation only. Verifica- 
tion by X-ray diffraction and Mossbauer spectroscopy 
indicated that the BCC alloy composition is not uniform (Butt 
et all., 1982), leading perhaps to catalytic heterogeneity. 
Catalysts prepared via partially degraded metal complexes 
have a very uniform composition and hold considerable 
promise for achieving unusual selectivities (Snel, 1987). 
We present here the results of a study of a complexderived 
alloy system in both unsupported and supported form, at a 
pressure normally used in commercial operation. Much of 
the catalytic behaviour shown is explained in terms of theo- 
retical considerations involving rationalized activity patterns 
and the distribution of hydrogenation-strength among sur- 
face sites. 
Theory 
Recently we have rationalized activity and selectivity pat- 
terns in the Fischer-Tropsch synthesis (Snel, 1986c) and 
shown that these ideas are applicable to catalyst design (Snel, 
1985a). Briefly, the catalytic behaviour in syngas reactions 
is classified into one long-range and three short-range effects. 
The long range effect is explained in terms of basicity, an 
electronic property of materials which is inversely related 
to the value of the work function of the material involved. 
A basicity effect is defined as a phenomena where controlled 
changes in the value of the work function (basicity) of the 
catalyst result in relatively fixed patterns of changing selec- 
tivities and activities. An increase in basicity (as occurs when 
promoting a catalyst with K) is associated with an increase 
992 THE CANADIAN JOURNAL OF CHEMICAL ENGINEERING, VOLUME 67, DECEMBER, 1989 
in carbon deposition, in the average molar mass of the 
products and in the rate of formation of carbon dioxide, 
olefins and oxygenates. A decrease in basicity is character- 
ized by an increase in the overall catalytic activity and in 
the rate of formation of paraffins (in particular methane) and 
water. The described effects are a function of the long-range 
properties of the catalyst, they relate to the catalyst as a 
whole. It is also possible to influence properties of the catalyst 
which are more of a local nature: the short-range properties 
at a molecular level. Three different short-range effects may 
be discerned, relating to the catalytic behaviour of metals 
to their dispersion or interactions with either electronega- 
tive elements or with supports. In general, short-range effects 
are characterized by an increase in demetallization (loss of 
metallic character, the electronic collective properties of a 
metal are gradually replaced by the properties of single 
atoms) of the catalyst which is associated with an increased 
olefin selectivity and a decrease in that of paraffins, in par- 
ticular of methane. The various effects may be complemen- 
tary or any one (or more) effect(s) may dominate. 
Another effect involves the distribution of the 
hydrogenation-strength among the catalytic sites on the sur- 
face of the catalyst. Previously we presented a model for part 
of the surface chemistry of Fischer Tropsch catalysts during 
reductive pretreatment and hydrocarbon synthesis (Snel, 
1989). This model is based on experimental evidence and 
is helpful in understanding some of the activity/selectivity 
patterns observed in this study. It is therefore pertinent to 
repeat the model briefly. 
The model is based on the assumption that reduction of 
metal oxide surfaces starts at those centers which have the 
highest reducibility and which then yield sites with a strong 
hydrogenation activity. During hydrocarbon synthesis these 
sites contribute most to the formation of methane, and hence 
are referred to as methanation sites. The number of these 
sites stays essentially constant, once they have been carbided 
during synthesis. The next type of site to become available 
during reductive pretreatment has a weaker hydrogenation 
activity. They contribute to hydrocarbon synthesis in general 
and are referred to as synthesis sites. 
A freshly reduced catalyst contains mainly sites of these 
two types and very few other types. Consequently, methane 
is produced by methanation sites in addition to methane 
produced in the normal course of hydrocarbon synthesis 
(according to Anderson-Schulz-Flory product distribution). 
The exact surface topography depends on the nature of the 
catalyst and the extent of reduction. The latter is strongly 
influenced by the reducibility which is in turn greatly affected 
by metal-support and/or metal-promoter interactions when 
those occur. 
In the initial stage of hydrocarbon synthesis on a partially 
reduced iron catalyst, oxidation, carbiding and further reduc- 
tion take place. The latter is responsible for the formation 
of a variety of sites, the hydrogenation activity of which is 
intermediate between those of the two types of site discussed 
above. Some of the additional sites may have a hydrogena- 
tion activity high enough to produce methane. The hydro- 
genation strength of these sites depends on the nature of the 
catalyst. The result is that initially a high methane selectivity 
prevails and the olefin selectivity depends on the exact hydro- 
genation activity of the available mild hydrogenation sites. 
Since only a few sites are available at this stage, the initial 
activity is restricted. 
Immediately after hydrocarbon synthesis has commenced, 
the catalytic behaviour changes because of the creation of 
additional sites. The activity increases when the new sites 
become available and the methane concentrat'ion decreases 
because of the dilution of the almost constant amount of 
methane that is produced. The olefin selectivity may also 
change, depending on the exact hydrogenation activity of the 
additional sites and on the fraction of the surface sites that 
consists of methanation sites: secondary hydrogenation of 
olefinic primary products takes place mainly on methana- 
tion sites. 
Experimental 
The catalysts used in this study were prepared by partial 
degradation of iron-cobalt-citrate complexes (Snel, 1988). 
The oxidic catalyst precursors have the general formula 
Feu Cob 0, C, where the values for a, b and c are close to 
1, 1 and 3 respectively for iron-cobalt catalysts, and 2, 0 
and 3 for iron catalysts. The value ford has been shown with 
scanning Auger electron microscopy to be between 0.5 and 
1 in the outermost surface layer of the precursor and it 
decreases to approach zero at the fourth atomic sub-surface 
layer. X-ray analysis showed that the oxidic alloy precursor 
was of the Co-11-Fe-111-oxide spinel type, with no pure Fe 
or Co components present. 
The two types of complex-derived catalyst are designated 
C-Fe and C-FeCo for the iron and iron-cobalt respectively. 
In addition the latter catalyst has been promoted with man- 
ganous oxide by impregnation from the nitrate to yield 
catalyst C-FeCoMn (atomic ratio FelMn = 20). Again X- 
ray analysis showed spinel formation. Supported systems 
were prepared by impregnation of an amorphous silica alu- 
mina with a solution of the complexes to incipient wetness. 
The preparation of the silica alumina, which has a low acidity 
(Espinoza et al., 1987), has been described elsewhere (Snel, 
1984). Catalyst C-Fe-SA contained 1 wt % Fe and catalyst 
C-FeCo-SA was loaded with 1 wt % FeCo with an atomic 
ratio FelCo = 1. For comparison purposes, an alkalized 
fused iron catalyst, which produces a product spectrum 
similar to that obtained in the commercial Synthol process 
used by SASOL (Dry, 1985) has been tested under identical 
conditions. This catalyst is referred to as catalyst Fe. 
The catalyst precursors were crushed, screened to particle 
sizes in the range of 0.2 to 0.6 mm and partially reduced 
in an hydrogen flow (VHSV = 2000) at a pressure of 
300 H a .  The reduction temperature was kept at 433 K for 
12-18 ks and subsequently at 573 K for 58-72 ks. 
The catalytic behaviour of samples of 0.5 g of the materials 
was evaluated in a fixed bed microreactor system (Snel, 
1985b) based on the concentric tube design (Snel, 1982). The 
product was analyzed by means of an on-line gas chromato- 
graphic data system (Snel, 1985b, 1985c, 1985d, 1986d). 
Reaction was carried out at a pressure of 2.0 MPa, a tem- 
perature of 543 K and a flow (VHSV = lO00) of synthesis 
gas with a mol ratio H21C0 = 0.5. These conditions 
allowed for 10% conversion of CO to hydrocarbons with 
catalyst Fe-C and prevented the occurrence of kinetic limi- 
tations with the other catalysts. 
Results and discussion 
UNSUPPORTED CATALYSTS 
A typical hydrocarbon product distribution, obtained at 
time on stream t = 100 ks with the five different catalysts 
is shown in Figure 1. As may be expected from a basicity 
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Figure 1 - Typical hydrocarbon product distributions obtained at 
100 ks on stream. 
effect involving a shift to higher work function values (lower 
basicity) on alloying iron with cobalt, catalyst C-FeCo has 
a markedly lighter product than catalyst C-Fe, in line with 
data reported in the literature (Butt et al. 1982; Arcuri et 
al. 1984). When metal oxides which cannot be fully reduced 
under synthesis conditions are incorporated in the catalyst, 
support effects involving demetallization are expected (Snel, 
1986~).  Such support effects are associated with a decrease 
in overall catalytic activity, the average molar mass of the 
product and the selectivity for methane, while the olefin 
selectivity increases. The catalytic behaviour of catalyst C- 
FeCoMn shows that the incorporation of manganous oxide 
in catalyst C-FeCo leads to the expected demetallization 
effects which are described above and which are complemen- 
tary to those seen when cobalt was incorporated into catalyst 
C-Fe. 
Both catalysts C-Fe and C-FeCo follow ASF product 
statistics with a growth probability value of 0.67 and 0.65 
respectively (Figure 2). Catalyst C-FeCoMn only shows 
normal ASF behaviour after t = 100 ks, the growth proba- 
bility value being 0.63. Initially C6+ hydrocarbons are vir- 
tually absent from the product, but gradually make their 
appearance. The observed change in the product distribu- 
tion is expected to be associated with variations occurring 
in the catalyst structure in the initial stages of the run. It is 
conceivable that the carefully designed demetallization of the 
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Figure 2 - Anderson-Schulz-Flory plots of hydrocarbon 
products. 
catalyst is lost during synthesis because sintering and res- 
tructuring to long range order take place to some extent. No 
dual-slope ASF plots were observed at any stage with any 
of the catalysts, even when analysis was extended to include 
up to C,, hydrocarbons. 
In line with other reports (Butt et al. 1982; Arcuri et al. 
1984) and theoretical predictions based on a shift to lower 
basicity, the activity of catalyst C-FeCo is markedly higher 
than that of catalyst C-Fe (Figure 3). After an initial max- 
imum of ca. 24 pmol . s-l . g-' at r = 100 ks, the overall 
rate of CO conversion to total hydrocarbons, rHc, 
(expressed in terms of grams of catalytically active metal) 
rapidly decreases after which a rather stable activity 
(ca. 14 pmol - s-'  g-') is maintained at double that of 
catalyst C-Fe. Although this high reactivity of the alloy arises 
from a synergistic effect with respect to the reactivity of the 
pure components (Amelse et al., 1981), it should also be born 
it mind that the alloying of iron with cobalt suppresses 
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Figure 3 - Rate of hydrocarbon synthesis obtained with catalysts 
C-Fe, C-FeCo and C-FeCoMn. 
carbide formation (Amelse et al., 1981) and disperses one 
catalytically active component in another catalytically active 
component, which brings a two-fold dispersion effect into 
operation (Snel, 1987). Both the synergistic and the disper- 
sion effect could conceivably explain the observed synergism. 
In addition, TPR studies (Brown et al., 1982) have shown 
that the presence of cobalt improves the reducibility of iron 
based catalysts, which in turn increases the catalytic activity 
for a given set of pretreatment conditions (Snel, 1989). The 
addition of manganous oxide to catalyst C-FeCo leads to a 
marked decrease in activity, similar to that of catalyst C-Fe. 
This is understandable in the light of an increased basicity 
and added demetallization and in line with generally reported 
lower activities found on promotion with Mn (Snel, 1987). 
With exception of the selectivity behaviour during the 
initial stages of the run (t = 100-150 ks), where changes 
in the distribution of the hydrogenation-strength on the 
surface occur (Snel, 1989), selectivity maintenance of 
the three catalysts is very good (Figure 4) and the differ- 
ences in selectivity levels can be explained in terms of 
the catalyst formulation. Catalyst C-Fe displays a rather 
high olefin selectivity (expressed as the percentage olefins 
in the C2-C, fraction) and a low methane selectivity 
(expressed as the mass percentage methane in the product) 
at steady state values of 8 1 % and 7 % respectively. Alloying 
with the lower-basicity metal Co (catalyst C-FeCo) 
results in a drastic deterioration of these figures to 56% 
and 30% respectively, in line with theoretical predictions 
(Snel, 1987a). Because manganous oxide is difficult to 
reduce, additional promotion with this oxide may bring 
about short-range effects by causing dispersion and electronic 
interactions on a molecular level. Results obtained with 
such a catalyst (C-FeCoMn) show a change to predictably 
more favourable selectivity values at 66% and 18 % respec- 
tively. Typical selectivity values obtained at t = 100 ks 
(when all selectivities except the methane selectiity are fairly 
constant) are shown in Table 1 .  
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Figure 4 - Selectivities obtained with catalysts C-Fe, C-FeCo and 
C-FeCoMn. 
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Figure 5 - Selectivities obtained with catalysts C-FeCo, C-FeCo, 
C-Fe-SA and C-FeCo-SA. 
Except for the catalytic behaviour of catalyst C-FeCoMn 
during the first 100 ks on stream, no abnormal selectivities 
as reported to occur at atmospheric pressure (Nakamura et 
al., 1981; Roper et al., 1984; Audier et al., 1984) have been 
observed with unsupported FeCo catalysts under our more 
commercially oriented reaction conditions. This is consis- 
tent with similar observations by Arcuri et al. (1984), using 
supported catalysts. However, C-FeCoMn exhibited a selec- 
tivity for small hydrocarbons under elevated pressure con- 
ditions which was similar to the selectivities reported for 
supported FeCo catalysts under atmospheric pressure 
(Nakamura et al., 1981; Roper et al., 1984; Audier et al., 
1984). One of the major differences between catalyst C- 
FeCoMn and the other two is the use of manganous oxide, 
which can have 'support interactions' of such a nature so 
as to demetallize the catalyst to some extent (Snel, 1987). 
When the catalyst attains a higher degree of reduction and 
carbidization during synthesis, the catalytic behaviour slowly 
changes to a more conventional type. A similar observation 
has been reported by Roper et al. (1984) for silica-supported 
cluster-derived FeCo catalysts. Again, such catalysts may 
be expected to have a considerable degree of demetalliza- 
tion (Snel, 1987). 
Except for the initial periods on stream when some deac- 
tivation was observed (Figures 3 - 5 ) ,  all three catalysts 
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TABLE 1
Selectivity (in wt %) Obtained with the Various Catalysts After 100 ks on Stream, as Compared to Those 
of Standard Catalyst Fe 
Catalyst 
Selectivity C-Fe C-FeCo C- Fe CoMn C-FeA C- FeCo-SA Fe 
Olefins in C, 87 72 79 85 83 85 
Olefins in C, 56 10 59 62 36 74 
Olefins in C, 84 71 72 82 85 81 
Olefins in C5 84 68 71 81 85 80 
Olefins in C, - C5 81 56 71 78 79 80 
c2 - c5 44 55 63 50 62 55 c, 
c,, - C,T 8 3 1 0 0 3 
c,,: 2 0 0 0 0 1 
Olefins in C, 83 66 71 80 81 78 
Olefins in C, 81 47 69 59 64 72 
8 17 20 22 31 19 
c5 - c,: 50 40 27 38 11 32 
*Using Schulz-Flory estimation techniques (Snel and Zwart, 1986). 
displayed remarkably high stability with respect to activity 
and selectivity. In particular C-FeCoMn was very stable and 
was tested over an extended period of more than a month, 
in which very little change in selectivity or activity was 
observed. The observed stability is especially noteworthy in 
view of the hydrogen-poor reaction conditions, normally 
leading to rapid deactivation. 
SUPPORTED CATALYSTS 
Similar demetallization effects could be resulting from 
metal-support interactions. Most of the reported studies 
involved silica-supported FeCo. Because of its higher degree 
of Lewis acidity, metal-support interactions with silica- 
alumina are higher (Snel, 1987) and a higher degree of 
demetallization is expected. A weakly acidic silica-alumina 
support was used for the comparative study of supported 
FeCo catalysts. It was feared that a highly acidic silica- 
alumina might introduce problems due to the occurrence of 
side reactions. 
The observed product distributions are supportive of such 
an effect (Figure 1). The products obtained with C-Fe and 
C-Fe-SA show that the support causes a marked increase in 
the selectivity for C2- and C3- hydrocarbons without any 
substantial change in olefin selectivity (Figures 2 and 5). A 
similar observation is made for the FeCo catalysts with 
respect to the C .  - C, hydrocarbon fraction, but here a very 
substantial increase in the olefin selectivity from 56% to 77 % 
is noted. 
The methane selectivity (under steady state conditions) of 
C-Fe increases while that of C-FeCo decreases when brought 
in supported form (Figures 4 and 5). This seemingly con- 
tradictive behaviour can be explained by differences in redu- 
cibility of the catalysts. In general, the reducibility of metal 
oxides decreases when prepared in supported form because 
of metal-support interactions. As a consequence, supported 
catalysts are predicted to have a lower degree of reduction 
than unsupported catalysts under equal conditions of pretreat- 
ment. Such predictions are often substantiated by TPR meas- 
urements (Snel, 1987). Finally, a lower degree of reduction 
has been shown to result in a higher methane selectivity 
(Snel, 1989). This theoretical consideration is consistent with 
the results obtained with catalyst C-Fe. 
Catalyst C-FeCo also exhibits a much increased methane 
selectivity when prepared in supported form, but this 
phenomena is only observed in the initial stages of the syn- 
thesis, at a later stage another effect becomes predominant. 
C-FeCo has a higher reducibility than C-Fe and hence, can 
undergo further reduction under synthesis conditions when 
the catalyst precursor has been only partially reduced under 
reductive pretreatment. Because further reduction results in 
additional synthesis sites, the concentration of methane in 
the product stream decreases, although the rate of methana- 
tion remains essentially constant. That synthesis sites which 
become available in this process contribute mainly to the syn- 
thesis of long-chain hydrocarbons, is also indicated by the 
substantial increase in the growth probability at higher carbon 
numbers with increasing time on stream (Figure 2). As a 
result of further reduction during synthesis, a gradual 
decrease in methane selectivity with time on stream is 
observed. This decrease is not observed with the unsupported 
catalyst C-FeCo because it is fully reduced during pretreat- 
ment and no further reduction during synthesis can occur. 
That further reduction takes place continuously is consis- 
tent with the observed activity behaviour of catalyst 
C-FeCo-SA which shows an increasing synthesis rate with 
increasing time on stream (Figure 6). This effect is not 
observed with catalyst C-Fe-SA. Both catalysts are supported 
on the same carrier, tending to exclude the influence of 
different transport limitations. 
The activity of both supported catalysts is more than an 
order of magnitude higher than that observed with the unsup- 
ported catalysts and is in line with an expected increase in 
catalyst dispersion. 
Further support for the ‘continuous further reduction’ 
theory comes from the product distributions. Those obtained 
with catalyst C-FeCo-SA in the first few 100 ks on stream 
do not adhere to ASF statistics. A typical ASF plot obtained 
at t = 84 ks is compared with one obtained with catalyst C- 
Fe-SA (Figure 2) .  The latter does follow ASF statistics. 
Again, since both catalysts are supported on the same car- 
rier, the influence of transport limitations on product distri- 
butions is excluded. The product distribution obtained with 
catalyst C-FeCo-SA is very narrow after short times on 
stream. However, after longer times on stream the distribu- 
tion widens to eventually follow ASF statistics at t = 417 ks 
(Figure 2). The product statistics suggest that so little reduc- 
tion has taken place that the catalyst is not yet in a metallic 
state and is similar to demetallized catalysts. Further reduc- 
tion during synthesis is hampered by the lowered reducibility 
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Figure 6 - Rate of hydrocarbon synthesis obtained with catalysts 
C-FeCo, C-Fe-SA and C-FeCo-Sa. 
because of metal-support interactions and only after 417 ks 
on stream does the catalyst attain the metallic state. 
COMPARISON WITH A COMMERCIAL CATALYST 
For comparison purposes, an alkalized fused iron catalyst 
(Fe), which is similar to the catalyst used by SASOL in the 
Synthol process (Dry, 1985), has been tested under identical 
conditions. It was found that this catalyst had initially a very 
low catalytic activity, which gradually increased to a max- 
imum of 1 pmol - s-’  - g-’ at f = 300 ks, after which it 
declined steadily to virtually zero at r = 600 ks. The activity 
of this catalyst is much lower than the activity observed with 
the catalysts investigated in this study. We attribute the higher 
activity of the complex-derived catalysts to the operation of 
a dispersion effect. 
The selectivity of Fe is given in Table 1. The methane 
selectivity is much higher than that of C-Fe, similar to that 
of the Co containing catalysts. The olefin selectivity is good, 
but this is a well known feature of alkalized catalysts. The 
results obtained with the complex-derived catalysts, which 
were not in an alkalized form, show that high olefin selec- 
tivities, usually obtained by alkali promotion of the catalyst, 
can also be achieved in an entirely different manner. 
The stability of Fe was very poor under our reaction con- 
ditions. In contrast, the complex-derived catalysts exhibited 
a high stability under those conditions. 
Conclusions 
It remains a great challenge to design catalysts which 
exhibit unusually high selectivities to lower olefins when 
operated under conditions similar to those used in industry. 
Although a novel, carbon containing catalyst system has been 
chosen which showed considerable promise for unusual selec- 
tivities, no deviations from normal selectivity behaviour have 
been observed with iron-cobalt alloy catalysts when studied 
under steady-state conditions and elevated pressures. 
When promoted with manganous oxide or supported on 
silica-alumina, substantial deviations from Anderson- 
Schulz-Flory statistics occur during the first few days on 
stream. These deviations gradually disappear with time and 
are explained in terms of temporary demetallization effects 
and changing distributions of the hydrogenation-strength 
among the catalytic sites on the surface. The challenge of 
how to realize more permenant effects remains. 
Although the results are mainly discussed in terms of 
rationalized activity patterns and distributions of the 
hydrogenation-strength among the catalytic sites on the sur- 
face, it is realized that these are not the only factors deter- 
mining catalytic behaviour. However, in view of the strong 
correlation between the theoretically expected behaviour and 
the experimental results, it is felt that these factors have a 
major influence on the catalytic behaviour. 
The unsupported catalysts displayed remarkable high 
activity and selectivity maintenance, particularly in view of 
the hydrogen-poor conditions. 
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Nomenclature 
ASF 
Catalyst C-Fe 
Catalyst C-FeCo 
Catalyst C-FeCoMn 
Catalyst C-Fe-SA 
Catalyst C-FeCo-SA 
Catalyst C-FeCo-SA 
methane selectivity 
olefin selectiity 
rHC 
t 
= Anderson-Schulz-Flory 
= complex-derived Fe catalyst 
= complex-derived FeCo‘catalyst 
= complex-derived FeCo catalyst 
= silica-alumina supported complex- 
= silica-alumina supported complex- 
= alkalized fused iron standard catalyst 
= mass percentage of methane in the 
hydrocarbon product 
= mass percentage of olefins in the 
C, - C, hydrocarbon product fraction 
= rate of CO conversion to hydrocarbons 
= time on stream 
promoted with Mn 
derived Fe catalyst 
derived FeCo catalyst 
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